Attentional biases for drug-related stimuli play a prominent role in addiction, predicting treatment outcomes. Attentional biases also develop for stimuli that have been paired with nondrug rewards in adults without a history of addiction, the magnitude of which is predicted by visual working-memory capacity and impulsiveness. We tested the hypothesis that addiction is associated with an increased attentional bias for nondrug (monetary) reward relative to that of healthy controls, and that this bias is related to working-memory impairments and increased impulsiveness. Seventeen patients receiving methadone-maintenance treatment for opioid dependence and 17 healthy controls participated. Impulsiveness was measured using the Barratt Impulsiveness Scale (BIS-11; Patton, Stanford, & Barratt, 1995) , visual working-memory capacity was measured as the ability to recognize briefly presented color stimuli, and attentional bias was measured as the magnitude of response time slowing caused by irrelevant but previously reward-associated distractors in a visual-search task. The results showed that attention was biased toward the distractors across all participants, replicating previous findings. It is important to note, this bias was significantly greater in the patients than in the controls and was negatively correlated with visual working-memory capacity. Patients were also significantly more impulsive than controls as a group. Our findings demonstrate that patients in treatment for addiction experience greater difficulty ignoring stimuli associated with nondrug reward. This nonspecific reward-related bias could mediate the distracting quality of drug-related stimuli previously observed in addiction.
It has been well documented that patients in treatment for addiction involuntarily orient attention toward stimuli that are associated with their substance of abuse, whereas individuals with no history of substance abuse do not show such selection biases (Field & Cox, 2008; Lubman, Peters, Mogg, Bradley, & Deakin, 2000; Mogg, Bradley, Field, & De Houwer, 2003; Nikolaou, Field, Critchley, & Duka, 2013; Stormark, Field, Hugdahl, & Horowitz, 1997) . Similar attentional biases are also evident in heavy but nondependent substance users (Field, Mogg, Zetteler, & Bradley, 2004; Townshend & Duka, 2001 ). This bias in attentional orienting is believed to facilitate drug seeking and consumption (Berridge, 2012; Berridge & Robbinson, 1998) . Consistent with a close relationship between addiction and attention, patients who show the largest attentional biases for drug-related stimuli are the most likely to relapse during the course of treatment (Carpenter, Schreiber, Church, & McDowell, 2006; Marissen et al., 2006) .
Attention has also been shown to be biased toward stimuli associated with reward outcome in individuals without a reported history of substance abuse (Della Libera & Chelazzi, 2006 Hickey, Chelazzi, & Theeuwes, 2010a , 2010b Leathers & Olson, 2012; Peck, Jangraw, Suzuki, Efem, & Gottlieb, 2009; Raymond & O'Brien, 2009; Serences, 2008) . In particular, we have shown that stimuli become distracting, involuntarily drawing attention (Anderson, Laurent, & Yantis, 2011a , 2011b , 2012 , 2013 and eye movements , when they have been previously paired with reward in an unrelated task (see Anderson, 2013 , for a review). This learned attentional bias can persist for extended periods of time without further stimulus-reward pairings , mirroring the persistence of drugrelated attentional biases (e.g., Field & Cox, 2008; Field et al., 2004; Stormark et al., 1997) .
Two variables have been shown to correlate with the magnitude of attentional bias for stimuli associated with nondrug reward: visual working-memory (VWM) capacity and impulsiveness (Anderson et al., 2011b; . VWM capacity is believed to reflect the efficiency of goal-directed attentional control, with low VWM capacities reflecting greater difficulty resisting distraction by task-irrelevant stimuli (Fukuda & Vogel, 2009 . Consistent with this notion, individuals with relatively low VWM capacities are particularly susceptible to attentional capture by high-value stimuli (Anderson et al., 2011b; . Impulsivity broadly reflects difficulty exercising control over behavior and cognition. Individuals who self-report engaging in more impulsive behavior also show larger attentional biases for reward-associated stimuli (Anderson et al., 2011b) .
Addiction is associated with both working-memory impairments (e.g., Baldacchino, Balfour, Passetti, Humphris, & Matthews, 2012; Garavan & Hester, 2007) and increased impulsiveness (e.g., Hester & Garavan, 2004; Khurana et al., 2013; Nielsen et al., 2012; Papachristou, Nederkoorn, Havermans, van der Horst, & Jansen, 2012) , and these two characteristics are known risk factors for developing addiction (Dawe & Loxton, 2004; Khurana et al., 2013) . One potential explanation for these risk factors is that they make an individual more susceptible to attentional capture by reward cues, whether these cues are drug-related or not. Individuals whose attention is more powerfully affected by such stimulus-reward associations may be less able to ignore the visual events that signal the potential availability of drug reward, making the addiction more difficult to overcome. In this sense, drugrelated attentional biases and their relation to treatment relapse may be reflective of a broader impairment in the ability to ignore any type of reward-associated stimulus.
An important prediction that arises from this account is that individuals who have developed addictions should show larger attentional biases for stimuli associated with nondrug reward than individuals without histories of addiction. In the present study, patients in treatment for addiction and healthy controls first completed a training phase. This consisted of a visual-search task in which participants learned over repeated trials that two colordefined targets were associated with monetary reward. Second, participants completed a test phase. This consisted of a different, unrewarded visual-search task in which these same color stimuli served as irrelevant distractors. We measured the magnitude of response time slowing caused by stimuli associated with nondrug (monetary) reward, an indication of their attentional bias, with the prediction that this bias would be larger in the patient group and related to VWM impairments and greater impulsiveness.
Method Participants
Seventeen patients were recruited from local methadone clinics. Seventeen controls were recruited through newspaper ads and flyer postings in the Baltimore area. Patients and controls did not differ in age, sex, or race (ps Ͼ .34); they differed in years of education (p Ͻ .001), but not in self-reported monthly household income (p Ͼ .18; see Table 1 ). All patients had been treated with methadone for at least 6 months and had been on a stable methadone dose for at least 30 days prior to study enrollment. None of the patients was currently taking any other opioid replacement drug. Patients tested negative for cocaine, amphetamine, methamphetamine, marijuana, opiates, phencyclidine, barbiturates, and benzodiazepines over a minimum of 60 days prior to participation. This was confirmed by urine toxicology reports from the participants' respective clinics, as well as by urine drug testing conducted during the study prescreening visit and again on the day of testing (Aim Screen MultiDrug 9 by Germaine Laboratories, San Antonio, TX). All controls also tested negative for these same substances during prescreening and on the day of testing, in addition to testing negative for methadone. Ten patients and five controls were cigarette smokers at the time of study; these participants abstained 0.5-5.5 hours prior to testing, with the exception of one control who abstained for 7 days prior to testing (abstinence determined from self-report and experimenter observation on the day of testing).
Participants were also screened for the absence of mood, anxiety, and thought disorders using the Structured Clinical Interview for DSM-IV Axis I Disorders: Clinical Version (SCID-CV; First, Spitzer, Gibbon, & Williams, 1996) , with consensus ratings obtained by the second, third, and fifth authors. A detailed history of lifetime drug and alcohol exposure was obtained in both groups using the Lifetime Drug Use Questionnaire (Czermak et al., 2005) . Additional exclusionary criteria included a history of neurologic or major medical disorder, alcohol dependence, HIV, and hepatitis C status that required immediate medication. For patients, testing was conducted 20 -24 hr postmethadone dose, a time frame well past methadone's peak effects on cognition and physiology, and, of import, a "trough" period when methadone's effects return to baseline (Eissenberg, Stitzer, Bigelow, Buchhalter, & Walsh, 1999; Walsh, Preston, Stitzer, Cone, & Bigelow, 1994) . The Clinical Opiate Withdrawal Scale (COWS) was conducted immediately after testing to confirm minimal presence of withdrawal symptoms (Tompkins et al., 2009; Wesson & Ling, 2003) ; the mean COWS score was 1.6 (SD: 2.5, range: 0 -8 out of a possible 48).
One patient tested positive for cocaine use during the test visit. Use occurred 4 days before testing. Prior to that, the patient had been drug-negative for 12 months, which is reflected in the reporting of abstinence in Table 1 . The difference in value-driven attentional capture and its relation to VWM, along with the difference in impulsiveness, were not affected by the inclusion of this patient. This document is copyrighted by the American Psychological Association or one of its allied publishers.
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Apparatus
Participants completed all components of the experiment in a small, well-lit room. Participants were seated in an office chair behind a large desk, across from which the experimenter was seated. Computer-based tasks were run on a Dell Optiplex 380 and displayed on a Dell E171FP monitor positioned on the desk at a viewing distance of approximately 50 cm. All tasks were programmed in Matlab using the Psychophysics Toolbox (Brainard, 1997) .
Impulsiveness Questionnaire
Prior to completing the computer-based tasks, participants completed the Barratt Impulsiveness Scale (BIS-11; Patton, Stanford, & Barratt, 1995) . The BIS-11 contains 30 statements about how often participants engage in behaviors they report using a fouralternative forced-choice response. To ensure that all participants understood each statement regardless of reading ability, the BIS-11 was administered orally by the experimenter.
Visual Working-Memory Task
Before completing the attentional capture task, all participants completed a color-change-detection task (Luck & Vogel, 1997) . On each of 120 trials, a memory array was presented following a 500-ms fixation period and consisted of the presentation of two, four, or six colored squares (1.38°ϫ 1.38°) on a gray background. The color of the squares was selected from red, green, yellow, blue, cyan, orange, black, purple, and brown without replacement; each square was separated by at least 2.06°, center to center. The memory array was presented for 100 ms and was followed by a blank 900-ms retention interval. After the retention interval, a single colored square was presented in a position previously occupied by a square in the memory array. This probe square was either the same color as or a different color than the square that had been previously presented in its location (equally often). Participants indicated whether they thought the color of the probed square had changed via an unspeeded, two alternative forcedchoice key press, pressing standard keyboard letter M for reporting a change and Z for reporting no change (these keys were labeled s for same and diff for different to indicate the corresponding response). No feedback was provided during the task. Immediately preceding the task, all participants completed 24 practice trials, randomly generated using the aforementioned parameters, during which feedback concerning accuracy was provided to ensure understanding of task instruction.
Attentional Capture Task
Training phase. The training phase consisted of visual search for a target circle among five nontarget circles (see Figure 1A ). The target circle was unpredictably red or green. Participants reported the orientation of a bar contained within the target as either vertical or horizontal via a key press, with the Z key for vertical and the M key for horizontal (the key labels also contained the correspondingly oriented bars). Bars contained within the nontarget circles were randomly oriented at 45°to the left or to the right.
Each visual search array was followed by feedback indicating monetary reward. If participants responded correctly on the trial, a small amount of money was added to a running total that participants were informed they would be paid at the completion of the experiment. It is important to note that one of the two target colors was followed by a comparatively high reward of 10¢ on 80% of the trials it was correctly reported, and by a comparatively low reward of 2¢ on the remaining 20% (high-reward target); for the other color target, these contingencies were reversed (low-reward target). If participants did not respond correctly, the feedback indicated that 0¢ had been earned. Red served as the high-reward color for half of the participants (eight patients and nine controls).
Each trial in the training phase consisted of a fixation display for 400, 500, or 600 ms (randomly determined), which was followed by the search array for either 1200 ms or until a response was made. A 250-ms 1000-Hz beep informed participants if they failed to execute a response during the 1200-ms deadline, and such trials Figure 1 . Sequence of events and time course for a trial during the training phase (A) and test phase (B) of the visual-search task. During the training phase, patients and controls searched for a target circle that was unpredictably red or green, and received a monetary reward for correctly reporting the orientation of a bar contained within the target. During the test phase, participants searched for a target defined as the unique shape (e.g., diamond among circles) and no monetary rewards were provided. On a subset of the trials, one of the nontarget shapes was rendered in the color of a formerly reward-predictive target (i.e., red or green), which served as the reward-associated distractor. This document is copyrighted by the American Psychological Association or one of its allied publishers.
were scored as errors. The search array was followed by a blank screen for 1000 ms, then the reward feedback display for 1500 ms, and then by a blank 1000-ms intertrial interval (ITI). The background of the screen was black, the fixation cross and oriented bars were white, and the nontarget circles were drawn from the colors orange, blue, cyan, white, pink, and yellow without replacement. The fixation cross was 1.09°ϫ 1.09°and each circle was 3.95°ϫ 3.95°, positioned in one of six locations along an imaginary circle with a radius of 8.12°. The training phase consisted of 240 trials, half of which contained a red target and half of which contained a green target. These trials were broken into four blocks of 60 trials, with a mandatory 30-s break between blocks. Each color target appeared in each location equally often, and each color target contained either the vertical or the horizontal bar equally often. The order of trials was randomized for each participant. The training phase began with 40 practice trials, randomly generated using the aforementioned parameters.
Test phase. The test phase consisted of visual search for a unique shape, either a circle among diamonds or a diamond among circles (see Figure 1B) . The color of the shapes was now irrelevant to the task, and participants were informed of this. It is important to note that one of the nontarget shapes was occasionally rendered in the color of a formerly reward-predictive target. On 25% of the trials, one of the nontargets was green and on a different 25% of the trials, one of the nontargets was red; these red and green shapes constituted the valuable distractors. On the remaining 50% of the trials, none of the shapes was red or green (distractor-absent trials). The targets were never red or green.
Participants made the same judgment concerning the orientation of the bar contained within the target, indicating whether it was vertical or horizontal. It is important to note that they were no longer provided a monetary reward for doing so. Feedback following the search array only informed each participant of whether his or her previous response was correct or not, with a check mark for correct responses and an X for incorrect responses.
Each trial consisted of a fixation display for 400, 500, or 600 ms (randomly determined), a search array for 1500 ms or until a response was made, a feedback display for 1000 ms, and a 500-ms blank ITI. The positions and size of the stimuli and the colors used were identical to the training phase, and a beep informed participants if a response was not made within 1500 ms. The target was equally often a diamond among circles and a circle among diamonds, and the target shape and its location were unrelated to the presence, color, and position of the distractors. The test phase also consisted of 240 trials, randomly ordered and separated into four blocks, and it began with 28 practice trials, randomly generated using the same parameters.
Assessment of awareness. Following the test phase, awareness of the reward value of targets during the training phase was assessed. Participants were asked to indicate whether they thought (a) "the red circle was usually worth more than the green," (b) "the green circle was usually worth more than the red," or (c) "the two circles were usually worth about the same." Participants who answered (c) were subsequently informed that one color circle was in fact usually worth more than the other, and were asked to guess which color it was.
Data Analysis
Only response time (reaction time; RT) on correct trials was considered in the analyses of RT. RTs exceeding 3 SDs of the mean of a given condition for a given participant were trimmed. RTs faster than 200 ms (Ͻ1% of trials) were considered anticipations and were not analyzed. Two participants (one patient and one control) had difficulty meeting the response deadline and could not initially perform at or above chance level in the visual-search task for the first two blocks; for these participants, these blocks were considered additional practice and were not analyzed.
VWM task accuracy was recorded and VWM capacity was calculated as the number of items remembered, using a standard formula that accounts for the probability of guessing correctly (Cowan, 2001) . Two patients performed at or below chance in the VWM task for Set Sizes 4 and 6, but performed accurately at Set Size 2; only data from Set Size 2 were considered for these participants. Based on feedback from these patients, we reasoned that they found the larger set sizes too difficult and felt forced to guess at these set sizes. All of the correlations with VWM remained significant when all three set sizes were considered for these patients.
Impulsiveness was measured as the total score obtained on the BIS-11 (possible range: 30 -120). We also broke impulsiveness down into the three subscales of the BIS-11: Attentional Impulsiveness, Motor Impulsiveness, and Nonplanning Impulsiveness.
In assessing awareness of the stimulus-reward contingencies, participants who correctly answered (a) or (b) to the awareness question were scored as being aware of the relationship, and participants who answered (c) as unaware. For participants who answered (c), the guessing rate was obtained from their responses to the follow-up forced-choice question.
We compared RT and accuracy, separately for patients and controls, between high-and low-reward targets during the training phase and across the three distractor conditions (absent, low-value, and high-value) during the test phase. Sex was included as an additional between-subjects factor to assess whether any of the reported effects were sex-specific. Value-driven attentional capture (i.e., the slowing in RT caused by the high-value distractor in the test phase) was compared with VWM capacity, impulsiveness, and several demographic measures (including education, household income, and measures of drug-use history) using Pearson correlations.
Results

Training Phase
Mean RT in the training phase was subjected to a 2 ϫ 2 ϫ 2 mixed-design analysis of variance (ANOVA), with target value (high vs. low) as a within-subjects factor and patient status and sex as between-subjects factors. Participants were faster to report the high-reward target (M ϭ 706 ms) than the low-reward target (M ϭ 721 ms), though not significantly so, F(1, 30) ϭ 2.69, p ϭ .112. Target value did not interact with patient status, F(1, 30) ϭ 1.98, p ϭ .170, suggesting that both patients and controls were similarly motivated by the monetary rewards. Nor did target value interact with sex (F Ͻ 1), and the three-way interaction was not significant, F (1, 30) 
Test Phase
Mean RT in the test phase was subjected to a 3 ϫ 2 ϫ 2 mixed design ANOVA, with distractor condition (absent, low-value, high-value) as a within-subjects factor and patient status and sex as between-subjects factors. There was a main effect of distractor condition, (see Figure 2) , F(2, 60) ϭ 9.92, p Ͻ .001, reflecting attentional capture by the previously reward-associated distractors; this effect did not differ based on which color served as the high-reward color during training or current smoking status (Fs Ͻ 1), so we collapsed across these factors. There was also a main effect of patient status in which the patients performed significantly more slowly than the controls overall, F(1, 30) ϭ 10.03, p ϭ .004; the main effect of sex, F(1, 30) ϭ 3.06, p ϭ .091, and the interaction between sex and patient status (F Ͻ 1) were not significant.
It is important to note that there was a significant interaction between patient status and distractor condition, F(2, 60) ϭ 4.37, p ϭ .017. We defined value-driven attentional capture as the slowing in RT caused by the high-value distractor compared with distractor-absent trials, as we have done in previous studies (Anderson et al., 2011b; . A planned comparison revealed that the magnitude of value-driven attentional capture was significantly greater in the patients than in the controls, t(32) ϭ 2.75, p ϭ .010; the magnitude of slowing caused by the low-value distractor was also greater in the patients, but this difference did not reach significance, t(32) ϭ 1.63, p ϭ .113. Distractor condition also interacted significantly with sex, F(2, 60) ϭ 6.59, p ϭ .003, such that value-driven attentional capture was greater in men than in women (mean difference ϭ 23 ms). The three-way interaction was not significant (F Ͻ 1), however, indicating that the observed sex difference was present in both the patients and the controls.
The same 3 ϫ 2 ϫ 2 mixed-design ANOVA was also run on accuracy, which revealed an interaction between sex and patient status, F(1, 30) ϭ 4.49, p ϭ .043, in that male patients were more accurate than female patients, but the reverse was true of controls; otherwise, there were no main effects or interactions (all ps Ͼ .09). Mean accuracy for the patients was 84.2%, 85.5%, and 82.7% across the absent, low-value, and high-value distractor conditions, respectively, and 89.1%, 89.9%, and 88.4% for the controls.
Predicting Attentional Bias From Individual Difference Measures
VWM capacity was first subjected to a 2 ϫ 2 ANOVA, with patient status and sex as between-subjects factors. A main effect of patient status revealed that the VWM capacity of the controls (M ϭ 2.01) was larger than that of the patients (M ϭ 1.54), F(1, 30) ϭ 6.01, p ϭ .020. There was no main effect of sex (F Ͻ 1), nor did sex interact with patient status, F(1, 30) ϭ 2.06, p ϭ .162.
The magnitude of value-driven attentional capture (i.e., the slowing in RT caused by the high-value distractor) was negatively correlated with VWM capacity across all participants (r ϭ Ϫ.518, p ϭ .002), replicating previous findings (Anderson et al., 2011b; . Thus, individuals who exhibited the least effective attentional control, as evidenced by performance in the VWM task, were also the most affected by the distractors. This correlation was present specifically within the patient group (r ϭ Ϫ.697, p ϭ .002), with VWM capacity predicting which patients experienced the greatest difficulty ignoring reward-related stimuli, but was not evident within the control group (r ϭ Ϫ.046, p ϭ .860; see Figure 3 ).
The attentional bias for the previously reward-associated distractors was not correlated with impulsiveness, as measured using the BIS-11 (p Ͼ .89), nor did it correlate with any of the BIS-11 subscales (ps Ͼ .39). However, a 2 ϫ 2 ANOVA with patient status and sex as between-subjects factors revealed a main effect of patient status in which the patients (M ϭ 62.9) were significantly more impulsive than the controls (M ϭ 54.1), F(1, 30) ϭ 8.52, p ϭ .007; the main effect of sex and the interaction between sex and patient status were not significant (both Fs Ͻ 1).
Value-driven attentional capture was not significantly correlated with years of education or household income in either the patients or controls (ps Ͼ .24), nor did it correlate with RT on distractorabsent trials (ps Ͼ .17). The latter indicates that value-driven attentional capture was not simply greater for individuals who performed, overall, more slowly at the task, and this is consistent with previous reports (Anderson et al., 2011b) . Within the patients, value-driven attentional capture was not significantly correlated with duration of abstinence from illicit drugs (p Ͼ .33), age of first Patients Controls Figure 2 . RT across the three distractor conditions in the test phase for patients and controls. There was a main effect of distractor condition in which participants were significantly slower to report the target when a high-value distractor was present than when no distractor was present (i.e., absent), indicating value-driven attentional capture ( ‫ءء‬ p Ͻ .001). The magnitude of this slowing was significantly greater in the patients than in the controls ( ‫ء‬ p Ͻ .01), indicating greater susceptibility to attentional capture by previously reward-associated stimuli. Error bars reflect the within-subjects standard error of the mean. This document is copyrighted by the American Psychological Association or one of its allied publishers.
illicit drug use (p Ͼ .58), lifetime opioid exposure (p Ͼ .62), or current methadone dose (p Ͼ .70).
Awareness
During the training phase, the relationship between target color and reward magnitude was probabilistic (80/20) . This rendered the relationship between the two as implicit for most of our participants. During the postexperimental assessment of awareness, four patients and three controls correctly indicated the color that was associated with higher overall reward in the training phase, demonstrating explicit awareness of the relationship. The remaining participants indicated that both colors were worth about the same (i.e., option C) and were scored as unaware. Of the participants who were unaware of the relationship between color and reward, neither patients nor controls guessed the correct color above chance (ps Ͼ .13), and guessing rates did not differ between groups ( 2 Ͻ 1). The effect of the previously reward-associated distractors on performance in the test phase did not differ based on whether participants were aware of the relationship between color and reward during training or whether unaware participants guessed correctly (ps Ͼ .19).
Discussion
Our results showed that individuals in treatment for drug addiction, in this case opioid dependence, were more distracted by stimuli previously associated with nondrug reward than individuals without a history of addiction. Thus, we demonstrated that reward-related attentional biases in addiction are not limited to the influence of drug reward, and seem to extend to stimuli associated with other forms of reward. This finding suggests that attentional biases for drug-related stimuli (Carpenter et al., 2006; Field & Cox, 2008; Field et al., 2004; Lubman et al., 2000; Marissen et al., 2006; Mogg et al., 2003; Stormark et al., 1997) may be reflective of a broader impairment in reward-driven attentional control; addiction is associated with an impaired ability to ignore rewardrelated stimuli more generally, which may contribute to the attention-capturing quality of stimuli associated with drug reward.
It is unclear whether this increased bias to attend to rewardassociated stimuli precedes the onset of addiction or rather is the result of cognitive changes brought on by substance use. One possibility is that individuals who are particularly prone to attentional capture by reward-associated stimuli are more likely to develop drug-related attentional biases, being less capable of ignoring drug-related stimuli during the early stages of drug usage. Another possibility is that the attentional system becomes hypersensitive to reward-related influences as a consequence of either chronic drug usage or acute effects of a drug (in this case, methadone), leading to heightened attentional capture by stimuli associated with drug and nondrug reward. Of course, both factors could be contributing to the present findings. All patients had abstained from methadone for 20 -24 hours prior to participation and their current methadone dose did not correlate with value-driven attentional capture, making it unlikely that the increased attentional bias in the patients was entirely a function of methadone's acute pharmacological effects. In fact, there is evidence that methadonemaintenance treatment can actually improve goal-directed attention allocation and reduce drug-related attentional bias in patients with opioid dependence (Nejati, Nejati, & Mohammadi, 2011) . It is important to note that the relationship between drug-related attentional biases in addiction and treatment outcome (Carpenter et al., 2006; Marissen et al., 2006) suggests that changes in rewardrelated attentional biases would be clinically relevant at either stage of onset.
Our findings also suggest a potential mechanism by which working-memory impairment and greater impulsiveness could contribute to the development and maintenance of addiction. Previous research has shown that individuals with lower VWM capacity and higher impulsiveness are particularly susceptible to attentional capture by reward-associated stimuli (Anderson et al., 2011b; . Consistent with these earlier findings, VWM capacity predicted the magnitude of attentional capture across all participants and specifically within the patient group, and patients were significantly more impulsive than controls. The present results support the notion that working-memory impairments and greater impulsiveness are associated with greater difficulty ignoring stimuli associated with both drug and nondrug reward.
In our sample, the patients had significantly fewer years of education than the controls. This is unsurprising, given the destructive consequences of substance abuse. It is well-documented that the use of illicit substances is associated with reduced educational completion (e.g., Townsend, Flisher, & King, 2007) . All but one of the patients in the present study had begun using illicit Visual Working Memory Capacity Figure 3 . Correlation between value-driven attentional capture (slowing in RT caused by the high-value distractor) and visual working-memory capacity separately for patients (r ϭ Ϫ.697, p ϭ .002) and controls (r ϭ Ϫ.046, p ϭ .860).
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substances before the age of 20, most before the age of 16. It is unclear how reduced education would directly impact an individual's sensitivity to the effects of reward on attention, and years of education did not correlate with the magnitude of value-driven attentional capture in either the patients or the controls. The latter suggests that attentional bias for reward-related stimuli is not a direct function of years of education. Nevertheless, we cannot completely rule out education as playing a role in biasing attention in favor of reward-predictive stimuli. Given the clinical relevance of attentional biases in addiction (Carpenter et al., 2006; Marissen et al., 2006) , however, characterizing the nature of this bias is important, regardless of its relation to education. It is also worth noting that the observed attentional biases for previously reward-predicting stimuli were evident in the absence of currently available rewards. No monetary rewards were delivered during the test phase, when value-driven attentional capture was assessed. Therefore, the present findings cannot be explained by expectations concerning the current value of stimuli; rather, these findings reflect the attentional consequences of earlier reward learning, which are more pronounced in patients in treatment for addiction than in individuals without a history of addiction.
A potential concern is that the patients may have placed greater value on money than the controls did due to a more impoverished lifestyle. However, patients and controls did not significantly differ in monthly household income, nor did income correlate with value-driven attentional capture in either the patients or the controls. Future research will be needed to extend our findings beyond monetary reward to other forms of nondrug reward.
Future research should also be aimed at investigating whether nondrug, reward-related attentional biases predict future substance abuse and subsequent treatment outcome, as has been found with drug-related attentional biases (Carpenter et al., 2006; Marissen et al., 2006) . A predictive relationship would suggest that general reward-related attentional biases play a causal role in establishing and maintaining addictive behaviors. Many drug-addicted individuals must overcome risks in acquiring a substance of abuse. Future research could investigate the extent to which addiction is associated with reduced attention to punishment-related stimuli.
The findings of the present study contribute to the understanding of attentional biases observed in addiction. We show that addiction is associated with broad impairment in the ability to ignore rewardassociated stimuli that extends beyond drug reward. A better understanding of how reward and attention interact in addiction may lead to insights into how to improve treatment and prevention.
